The pyruvate carboxylase of Verticillium albo-atrum had a pH optimum of 7.8 and a specific requirement for ATP. At the optimum pH, magnesium ions were required for maximum activity, while at pH 6-8 manganese was more effective than magnesium. Potassium was stimulatory while sodium was ineffective. Avidin and p-chloromercuribenzoate strongly inhibited the enzyme while biotin and dithiothreitol, respectively, reversed the effect of the inhibitors. Aspartate and oxalacetate were inhibitory while acetyl-CoA and CoA reversed the inhibition by aspartate. These cofactors were ineffective in the absence of aspartate. None of the tested metabolic intermediates was stimulatory to pyruvate carboxylase activity while NADP+ and 2,3-diphosphoglycerate were the most effective inhibitors (75 %) at a concentration of 6.7 mM. Levels of pyruvate carboxylase in cells grown on glucose, acetate, malate, xylose, glycerol or aspartate differed only slightly. The data indicated that the physiological role of pyruvate carboxylase in V. albo-atrunz is the anaplerotic biosynthesis of C4 Krebs-cycle intermediates from pyruvate.
INTRODUCTION
Carbon dioxide was required for growth of Verticillium albo-atrum on glucose or glycerol but not on acetate or succinate (Hartman, Keen & Long, 1972 ). Since we also found that the C 0 2 was used largely in the synthesis of aspartate, glutamate and nitrogen bases, it was hypothesized that anaplerotic biosynthesis of C4 Krebs-cycle intermediates was an important role for C 0 2 in the physiology of V . albo-atrum. The anaplerotic COz fixation enzymes pyruvate carboxylase (EC. 6.4. I. I) and phosphoenolpyruvate carboxykinase (EC. 4. I. I. 32) were shown to occur in V. albo-atrum (Hartman & Keen, 1973) . This report describes studies to determine the properties of pyruvate carboxylase and the effect of various carbohydrates in the growth medium on the activity of this enzyme in V. alboatrum cells.
METHODS
Preparation of pyruvate carboxylase. V e r t i c i h m albo-atrum, strain V~H (~~CC26289), was grown and cells disrupted as described previously (Hartman & Keen, I 973) . Briefly, yeast-phase cells were suspended in the phosphate-breakage buffer, pH 6.6, disrupted in a Bronwi11 MSK homogenizer, and the supernant from centrifugation for 10 min at 340008 was the source of theenzyme. Dialysis, centrifugation, and fractionation were carried out at 3 to 5 'C. The supernatant (10 ml) was combined with 2 ml of the phosphate-breakage buffer containing was added to achieve 65 % saturation (23 "C). The precipitate was removed by centrifugation and suspended in 4 ml of a solution containing 0.1 M-potassium phosphate and 0.025 Moxalacetate, pH 6.6, and then dialysed against 0.1 M-potassium phosphate buffer, pH 6.6, with four hourly changes of 15 x volume. The enzyme preparation represented a fourfold purification over the oxalacetate-preincubated and dialysed cell extract. It generally contained 2 to 3 mg proteinlml and fixed 0.04 to 0.06 pmol carbonlminlmg protein, The specific activity was determined at pH 7-8 under the conditions shown in Table I . The total carbonate present was estimated to be I I pmol, based on the Iopmol added and the presence of about I pmol of dissolved carbonate (Feir & Suzuki, 1969) . Assa)? methods. Protein was estimated by the method of Lowry, Rosebrough, Farr & Randall (1951) with bovine serum albumin as the standard.
The procedure for measuring the fixation of NaH14C03 has been described in detail (Hartman & Keen, 1973) . The specific activity of the NaHI4CO3 was 50 mCi/mM. A 10 min incubation period was used to determine enzyme activity; enzyme activity had previously been shown to be linear with respect to time for the first 10 min.
RESULTS
The optimal pH for the activity of pyruvate carboxylase was approximately 7.8 ( Table I) . Inosine-5'-triphosphate, guanosine-5'-triphosphate, or uridine-5'-triphosphate was not able to replace adenosine-5'-triphosphate in the reaction mixture at pH 7-8. When the divalent cations MgSO,, MnSO,, CoCI,, ZnSO,, CaC1, or FeSO, were used at 2pmol in the reaction mixture at pH 7.8, only MgS04 supported a high level of enzyme activity. Raising the MgS04 concentrations to 3 pmol increased enzyme activity by 50 %.
When biotin was omitted from this reaction mixture there was no decrease in fixation. The importance of biotin in the reaction, however, was demonstrated by the complete inhibition of enzyme activity which resulted when biotin was replaced with I unit of avidin and by the reversal of this inhibition by the inclusion of I pg biotin.
A relationship was found between pH and the relative effectiveness of Mg2+ and Mn2+ in supporting carboxylase activity. As the pH was decreased from 7.8 to 6-8 the relative effectiveness of Mg2+ decreased and that of Mn2+ increased, so that at pH 6.8 Mn2+ was more effective than Mg3+ ( Table 2) . Activity was maximal with Mg2+ at pH 7.8.
Pyruvate carboxylase of V. albo-atrum I7 At the concentration tested, potassium ions increased enzyme activity (Table 3 ) but sodium ions did not.
The addition of dithiothreitol(20 pmol) to the optimum reaction mixture did not enhance pyruvate carboxylase activity. The importance of free thiol groups for activity, however, was demonstrated by the complete inhibition that resulted when the enzyme was incubated in the reaction mixture containing p-chloromercuribenzoate (0.01 5 pmol) for 3 min before the addition of NaH14C03. This inhibition was partially reversed (40 %) when dithiothreitol (20,umol) was added to the reaction mixture containing the inactivated enzyme 2 min before the NaH1*C03.
Neither coenzyme A (CoA) nor acetyl coenzyme A (CoASAc) enhanced enzyme activity when added to the reaction mixture (Table 4) . Both aspartate and oxalacetate inhibited the reaction approximately 28 % at 5.0 mM. The basis for inhibition by these compounds must 18 Glycerol ~~-Glycerol-3-P ~~-Glyceraldehyde-3-P Glycerate-3-P Glycerate-2-P Glycerate-2,3-P2 Fructose-6-P FructoFe-I ,6-P2 Glucose-1-P GI ucose-6-P t The control value (0 : < inhibition) was the radioactivity obtained in reaction mixtures in the absence of the added intermediates. The radioactivity fixed by controls averaged about 12500 c.p.m./o.5 ml in the several experiments from which these data were obtained. (Table 4) . Perhaps the latter was simply the result of product inhibition.
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The effect of various metabolic intermediates on enzyme activity is illustrated in Table 5 . Among the glycolytic pathway intermediates, 2,3-diphosphoglyceric acid was the most inhibitory (79 %) while fructose-1,6-diphosphate inhibited the enzyme by 39 %. The nicotinamide cofactors tested were all significantly inhibitory, NADP+ being the most effective (74 %). Acetyl-CoA only slightly reversed the inhibitory effect of NADPf.
Growth of the cells in media with various single carbon sources did not result in levels of pyruvate carboxylase activity that were significantly different from those in cells grown on glucose (Table 6 ).
